INTRODUCTION
Central pontine myelinolysis (CPM) was first described in 1959 by Adams et al. [1] . It is also known as osmotic demyelination syndrome (ODS), which includes CPM and extrapontine myelinolysis (EPM) [2] . The clinical presentation of ODS includes various neurologic symptoms including consciousness disturbance, flaccid quadriplegia, dysarthria, and dysphagia [2] . This neurologic disorder has often been associated with overly corrected hyponatremia Enhanced Digital Features To view enhanced digital features for this article go to https://doi.org/10.6084/ m9.figshare.7770347. [3] ; however, other factors such as alcoholism [4] , malnutrition [5] , and electrolyte disturbance [4, 6] have also been described.
The pathogenesis of ODS is poorly understood [2] . However, a possible hypothesis is that the glial cells are swollen during chronic hyponatremia, and treatment with hypertonic saline creates a hypertonic state and causes shrinkage of cells. Simultaneously, substances such as cytokines and immunoglobins were released, triggering oligodendrocyte degeneration and ultimately myelin destruction [2] .
Diabetic ketoacidosis (DKA) and hyperglycemic hyperosmolar state (HHS) are diabetic emergencies that often cause electrolyte and osmolality changes, which are theoretically compatible with the etiologies of ODS. Previously, ODS was documented as the initial presentation of DKA [7] . However, osmotic fluids, such as sodium bicarbonate and potassium chloride, used in the treatment of DKA may also provide similar effects to hypertonic saline. Herein, we present a case wherein DKA was treated with a large amount of sodium bicarbonate and potassium chloride, which resulted in the development of ODS.
CASE PRESENTATION
A 29-year-old male with a history of post-surgical repair for ventricular septal defect (VSD) contacted the emergency department of a branch hospital of Changhua Christian Hospital because of dyspnea and altered consciousness for 3 days. Symptoms of poor response to stimulations and lethargy occurred gradually. No medications or street drugs were administered. Upon arrival, the patient's Glasgow Coma Scale (GCS) score was reported as E2M4V3; furthermore, hypotension (80/39 mmHg) and hypothermia (34.5°C) were noted. Laboratory examinations revealed leukocytosis (15,000/ll), severe metabolic acidosis (pH: 7.04, PCO 2 : 11.2 mmHg, HCO 3 -: 3.1 mmol/l), hypokalemia (2.0 mmol/l), and hyperglycemia (646 mg/dl). Serum sodium level was 138 mmol/l unadjusted and 148 mmol/l after adjustment according to the formula of an increase of 1.6 mmol/l per 100 mg/dl of serum glucose.
Initially, four ampules of sodium bicarbonate (7%, 20 ml each ampule) and one ampule of potassium chloride (20 meq) were administered. The patient was admitted to the ICU because of unstable hemodynamics. Insulin was continuously infused, and intubation was performed because of persistent hypotension and altered consciousness. Large amounts of isotonic and hypertonic intravenous fluids were administered for resuscitation (2500 ml 0.9% normal saline, 2000 ml 6% hydroxyethyl starch fluid, and 4000 ml Ringer's solution for 24-h duration). In addition, norepinephrine and epinephrine were continuously infused. Severe hypokalemia was reported, and multiple ventricular premature complexes (VPCs) were witnessed. In total, 440 meq of potassium chloride was administered. Notably, his consciousness status (GCS: E3M6Ve) and hemodynamics improved following the resuscitation. Sequential blood sampling results are presented in Fig. 1 .
However, the patient's consciousness status declined at the 40th hour of admission (GCS: E2M2Ve). Accordingly, emergent brain computed tomography was performed, and he was transferred to the medical center for magnetic resonance imaging (MRI) evaluation.
MRI results revealed multifocal abnormal signal intensity changes in the whole brain stem; these lesions involved the lower midbrain, whole pons, and upper medulla oblongata. The lesions presented as faint signal on the apparent diffusion coefficient (ADC) map and brightened up on diffusion-weighted images(DWI), fluid-attenuated inversion recovery(FLAIR), and T2WI MRI images. Based on these findings, ODS was established (Fig. 2) . Later, type 1 diabetes mellitus was diagnosed during the hospitalization period.
The patient exhibited improved consciousness status following 17-day medical care at the ICU; nonetheless, he was ventilator dependent and subsequently was placed in a respiratory care unit for another 25 days. Although the ventilator was gradually weaned, the patient still needed assistance and rehabilitation at the time of discharge from the hospital. The case report was approved by the institutional review board committee of Changhua Christian Hospital (reference no. 181114). Informed consent was obtained from the individual participant for being included in the study. Written informed consent was obtained from the patient for the publication of this case report and any accompanying images.
DISCUSSION AND CONCLUSION
Several case reports have described the relationship between hyperglycemia and ODS [3, 8, 9] . In one such case report [8] , a type 2 diabetic and cirrhotic patient presented with several neurologic symptoms following ingestion of large amounts of sugar-containing foods and was diagnosed with ODS [8] . During admission, the patient had serum sodium levels in the range of 133-144 mmol/l. The authors concluded that ODS resulted from sudden hyperglycemia. In another instance [3] , a patient presented with a serum glucose level of 106 mmol/l (1908 mg/dl) that declined to 60 mmol/l (1080 mg/dl) in 6 h. The serum sodium level simultaneously elevated from 135 to 159 mmol/l. Both cases did not report hyponatremia but displayed abrupt serum osmolality changes. Treatment of DKA involves the administration of intravenous fluids, potassium supplements, and insulin [10] . A systematic review concluded that bicarbonate therapy provided no clinical advantages in the management of DKA [11] . A report suggested that bicarbonate infusion can be administered if the serum pH is \ 6.9 [10 12 ] to justify the deleterious effect of acidemia. However, another review conducted in 2011 stated the absence of sufficient evidence to support the therapy [11] . In addition, once administered, sodium bicarbonate infusion was initially recommended at the dose of 100 mmol and later at a dose of 20 mmol for every 2 h until the serum pH was [ 7.0 [12] . Furthermore, some side effects of bicarbonate therapy have been reported, including cerebral edema [13] , hypokalemia, and paradoxical central nervous system acidosis [12] .
A case report on the association between rapid sodium bicarbonate supplement and ODS has been published [14] , but not on the DKA status. The case patient, who was later diagnosed with renal tubular acidosis, was intravenously administered 480 meq sodium bicarbonate; consequently, the patient's serum sodium increased from 142.8 to 172.8 mmol/l. The symptoms of ODS developed 6 days following the treatment.
Hypokalemia has been reported in association with ODS at various serum sodium levels [15, 16, 17] . Lohr et al. reported a series of cases and suggested hypokalemia to be associated with the development of ODS and correction of hypokalemia prior to the rectification of hyponatremia [15] . Koul et al. reported a case of severe hyponatremia and hypokalemia, but the correction speed of the serum sodium level did not exceed the recommendations (\ 8 mmol/l in 24 h) [16] . In 2003, Sugimoto et al. reported a case of anorexia nervosa with a normal serum sodium level (140 mmol/l) and hypokalemia abnormal signal intensity change in the whole brain stem; these lesions involve the parts from the lower midbrain and whole pons to the upper medulla oblonganta (2.8 mmol/l) [17] . Fluctuation of the serum potassium level was documented.
The underlying mechanism through which serum hypokalemia influences the development of ODS is still unclear. Lohr et al. proposed a theory suggesting that a decreased NaK-ATPase level during hypokalemia predisposes the cell to osmotic stress injury [15] .
In our case, there were several possible insults related to ODS: (1) development of DKA and dehydration; (2) a large quantity of sodium supplement (including sodium bicarbonate), which exceeded the suggested doses and enormous amounts of hypertonic fluid resuscitation; (3) serum hypokalemia, followed by a large volume of potassium chloride infusion. Whether the DKA status or sodium supplement was the main cause of ODS remains unclear. The DKA status may have caused cell shrinkage, as mentioned above. However, although the patient had altered consciousness at the time of presentation, his consciousness status improved subsequently. The initial resuscitation may have helped in enhancing tissue perfusion and subsequently the consciousness level. Hence, it is more likely that ODS developed during the following hospital courses. A large amount of osmotic electrolyte supplementation may have played a causative role.
We often encounter severe metabolic acidosis status in the emergency room setting or ICU, and sodium bicarbonate infusion is considered an important initial treatment to correct the acid-base status. In our case, a total of 30 ampules of sodium bicarbonate was administered over a 16-h period. The sodium content of these fluids was 510 meq, which was equal to that of 1 l of 3% sodium chloride. Frequent VPCs and hypotension also interfered with the clinician's decision. First-line clinicians may attribute this status to severe hypokalemia and acidosis and liberally prescribe sodium bicarbonate and potassium supplements, with the expectation of correcting the electrolyte disturbance as early as possible. However, osmotic changes caused by sodium bicarbonate and potassium chloride remain unaddressed.
It is widely known that ODS is often linked to the rapid correction of hyponatremia, and intensive monitoring of the serum sodium level has been suggested for ODS [18, 19] . Nevertheless, in the clinical setting of DKA, only potassium monitoring has been highlighted [12] . Our case implies that not only potassium but also sodium levels must be monitored carefully in the first few hours of resuscitation and that clinicians should be aware of the possibility of a rapid increase in the serum sodium level. In lifethreatening conditions, potassium supplements should primarily be administered as indicated by a previous report [12] . The use of sodium bicarbonate should be refrained until the serum pH decreases to \ 6.9.
DKA with concurrent hypokalemia, arrhythmia, and unstable hemodynamics could be quite challenging for clinicians. The correction of hypokalemia should receive priority during treatments. Sodium bicarbonate infusion should be reserved for pH \ 6.9. Close monitoring of the serum sodium level and prompt actions to lower it if it exceeds the threshold may be necessary.
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